Abstract: Geothermal power generation from abandoned oil wells is a new way to utilize geothermal energy. An analysis model based on transient formation heat transfer is presented in this paper. Through the double-pipe heat exchanger, R143a is used as working fluid for obtaining geothermal energy from abandoned oil wells. The influence of insulation on heat transfer from the recovery well to the injection well is investigated. The result shows that the outlet temperature of fluid leaving the recovery well gradually increases with thickness of insulation increasing. The outlet temperature of fluid with the insulation of 0.03m polystyrene drops by 6K as compared to the outlet temperature with the perfect insulation.
Introduction
Geothermal energy is the thermal energy stored in the form of heat beneath the earth's surface. The geothermal power plants are established in 24 countries and the total installed capacity of geothermal facilities worldwide is more than 10000MW in 2010 [1] . However the wide application of geothermal power is restricted by the expensive cost of drilling [2] . Meanwhile there are 20-30 millions abandoned oil wells around the world [3] . These abandoned oil wells have a large amount of heat energy and can be changed into geothermal wells by a double-pipe heat exchanger for power generation [4] [5] [6] [7] . In this way the cost of drilling can be reduced and pollution problems of abandoned oil can be solved. It is a new way to utilize geothermal energy.
The purpose of this paper is to analyze the influence of insulation on heat transfer from the recovery well to the injection well. Fig.1 shows the structure of a double-pipe heat exchanger, which is composed of two concentric pipes. The outer wall of the inner pipe is wrapped with the insulation of polystyrene (thermal conductivity of polystyrene = 0.027W.m -1 .K -1 ) and the bottom of the well is sealed. The borehole is all lined with a steel casing to prevent leakage into the formation. The diameter of the steel pipe is 0.28/0.25m. R143a is injected into the ring-shaped channel named injection well and flows down. As being heated constantly by geothermal energy, R143a becomes high-temperature fluid at the bottom of the well and then are reversed to flow out to the ground through the inside channel named recovery well. The external radius of recovery well (including the thickness of insulation) is 0.06m. R143a leaves the recovery well at a high temperature and high pressure because the loss of heat from the recovery well to the injection well is prevented by the insulation. (2) Assuming that the formation temperature at the infinite distance from well axis along the vertical direction changes linearly, that is:
The total pressure changes of fluid in the recovery well results from momentum changes, friction and gravity.
According to the momentum balance principle, the total pressure gradient can be determined as follows [10] :
Heat transfer from the recovery well to the injection well can be written as:
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where h w is convective heat transfer coefficient for injection well, which can be calculated as follows [11] 
Then the energy equation of the fluid in the recovery well can be acquired as the following equation:
The total pressure changes of fluid in the injection well can be determined as follows [10] :
Heat transfer between the working fluid in the injection well and the formation can be written as:
Then the energy equation of the fluid in the injection well can be acquired as the following equation:
, , 
Results and discussions
The basic parameters of the double-pipe heat exchanger and the formation are presented in Table 1 .The properties of R143a are not constant but change with the pressure as well as temperature in the simulation and can be obtained from
Ref. [12] .The power generation from abandoned oil wells can achieve stable state after 300 days operation [4] . Hence the operating time is 300d in the simulation. 
Conclusions
In this paper, an analysis model based on transient formation heat transfer is set up. For different thicknesses of insulation and inlet velocities of fluid entering injection well, the temperature of R143a in the injection well and the recovery well is simulated. The conclusions are summarized as follows:
(1) The outlet temperature of fluid leaving the recovery well gradually increases with thickness of insulation increasing.
With the insulation of 0.03m polystyrene, the loss of heat from the recovery well to the injection well is little.
(2) At the insulation of 0.03m polystyrene, the difference of the outlet temperature between with the insulation of polystyrene and with the perfect insulation decreases with the inlet velocity of fluid entering the injection well increasing.
